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Background:  Insulin resistance is related to central obesity and the amount of skeletal muscle. A simple and practical anthropo-
metric marker for muscle mass is not known, although waist circumference (WC) is used as an indicator of abdominal obesity. 
The aims of this study were to investigate whether arm (AC) and thigh circumferences (TC) can be used as an indicator of mus-
cle mass and if they are related to muscle strength.
Methods:  A total of 110 obese (body mass index [BMI]≥25 kg/m
2) women with type 2 diabetes were enrolled, and WC, AC, and 
TC were measured. Abdominal visceral fat (AVF), subcutaneous fat (ASF), and total fat (ATF) were assessed by computed to-
mography, regional muscle (MM), and fat mass by dual-energy X-ray absorptiometry, muscle strength by one repetition maxi-
mum (1RM) of both extremities (chest and leg press) and insulin resistance by KITT.
Results:  The mean age was 56.2±7.3 years, duration of diabetes was 4.2±4.4 years, and BMI was 27.2±2.8 kg/m
2. WC was cor-
related with ATF, AVF, and ASF (r=0.728, P<0.001; r=0.515, P<0.001; r=0.608, P<0.001, respectively). Arm MM was correlat-
ed with AC (r=0.500, P<0.001), and leg MM with TC (r=0.291, P=0.002). Upper 1RM was related to AC/WC ratio (r=0.359, 
P<0.001), and lower 1RM was to TC/WC ratio (r=0.286, P=0.003). Insulin resistance had significant relations with AVF, WC, 
and total MM (r=-0.262, P=0.008; r=-0.217, P=0.029; r=0.160, P=0.031, respectively).
Conclusion:  The muscle mass was related to extremity circumferences, and muscle strength was to extremity/waist circumfer-
ence ratio in obese women with type 2 diabetes. 
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INTRODUCTION
The increase in abdominal fat, especially in visceral portion, 
causes hypertension, hyperlipidemia, type 2 diabetes, and met-
abolic syndrome. Compared to Western populations, the level 
of obesity in Asians is not as high. Reportedly, as the percent-
age of visceral fat increases, the prevalence of diabetes and met-
abolic syndrome increases [1]. Waist circumference is corre-
lated with the amount of abdominal fat and thus has been ac-
cepted as an indicator of metabolic syndrome and for assess-
ing abdominal obesity [2]. The increase in muscle mass im-
proves insulin sensitivity and helps control blood glucose in 
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type 2 diabetes patients [3]. Dunstan et al. [4] reported that in-
sulin sensitivity improves as muscle mass increases. However, 
muscle mass decreases with age, with seniors over 65 years of 
age experiencing an approximately 25% muscle loss, and se-
niors over 80 years of age experiencing an approximately 50% 
muscle loss [5]. To improve stamina, the American Diabetes 
Association recommends aerobic exercise to improve muscle 
strength at 75% to 85% maximum intensity with 8 to 10 exer-
cises per day and 3 sets of resistance exercises 3 times per week 
[6]. Since skeletal muscle is considered the major organ re-
sponsible for glucose uptake under insulin-stimulated condi-
tions, measuring muscle mass and muscle strength in type 2 
diabetic patients is necessary.
  Muscle mass can be measured accurately using dual-energy 
X-ray absorptiometry (DXA), and muscle strength can be mea-
sured accurately using a one repetition maximum (1RM). Gen-
erally, when muscular strength is measured, the bench press or 
chest press is used for the upper body, in which the main func-
tioning muscles are the biceps and the triceps. Maximum low-
er muscle strength is generally measured using a leg press and 
squats, in which the main functioning muscles are the quadri-
ceps, hamstrings, and glutei. The measurement of muscle mass 
is complicated, and care must be given to joint and muscle strain 
when measuring maximum muscle strength in patients with 
low muscular strength, and patients who cannot be measured 
require simple indicators. Additionally, Cha et al. [7] performed 
a study targeting middle-aged women based on the correla-
tion between the visceral fat/skeletal muscle ratio and insulin 
resistance because changes in the fat/muscle mass ratio and its 
correlation with insulin resistance are high. However, simple 
indicators for estimating amount of skeletal muscle are yet to 
be suggested.
  Thus, in the present study, the relationships between limb 
circumferences and regional muscle amounts in obese female 
type 2 diabetes patients were investigated, as were the correla-
tions between maximum muscular strength with arm/waist 




The participants of the present study included patients between 
the ages of 40 to 60 years who visited the Eulji Hospital Diabe-
tes Center between September 2008 and August 2009, who 
were diagnosed with diabetes based on the criteria set by the 
World Health Organization (WHO), and who were not receiv-
ing insulin treatment. Among the patients, type 1 diabetes pa-
tients, patients with genetic disease, patients with chronic com-
plications of diabetes, congestive heart failure, uncontrolled 
arrhythmia, severe valvular heart disease, unmanageable hy-
pertension, neuropathy, retinopathy, and patients who were 
unable to perform strenuous exercise due to severe health 
conditions were excluded from the present study. In addition, 
patients with a body mass index (BMI) greater than 25 kg/m
2 
who were classified as being obese and patients with HbA1c 
level less than 9% (n=110) were included in the present study. 
Measurement methods 
Physical measurements and biochemical tests
The height, weight, waist circumference, upper arm and thigh 
circumferences of the study participants were measured. Height 
and weight were measured with patients wearing a thin robe, 
and BMI was calculated by dividing mass (kg) by height 
squared (m
2). Waist circumference was measured when pa-
tients exhaled and relaxed using a tape measure on the thin-
nest portion between the bottom rib and the iliac crest. Arm 
circumference was measured between the acromion and the 
elbow using a tape measure when patients were standing with 
their arms comfortably spread, and thigh circumference was 
measured immediately below the line of the thickest area of 
the buttocks when the legs were spread 10 cm apart in the 
standing position, and the average of each thigh was recorded 
[8]. Blood pressure was measured using a mercury sphygmo-
manometer (Yamasu, Tokyo, Japan) after the patients were 
seated for 10 minutes. 
  For biochemical tests, venous blood was drawn after more 
than 10 hours of fasting, and samples were centrifuged at 3,000 
rpm for 15 minutes. Serum was separated, and samples were 
frozen at -70°C and stored for further analysis. The glucose ox-
idation method was used to measure fasting blood glucose, and 
HbA1c was measured using high-performance liquid chroma-
tography (HPLC). Fasting blood glucose, cholesterol, triglyc-
erides, high density lipoprotein cholesterol (HDL-C) and low 
density lipoprotein cholesterol (LDL-C) were analyzed using 
an automatic biochemical analyzer that utilizes enzymatic re-
actions (Hitachi 7170; Hitachi, Tokyo, Japan). Fasting insulin 
concentrations were analyzed using electrical luminescence 
immunoassays Inmylife 2000 (Siemens, Mountain View, CA, 
USA).376
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  Insulin resistance was measured using KITT [9], after fasting 
for a minimum of 10 hours prior to visiting the hospital, and a 
20 G catheter was inserted into the patients’ antecubital vein 
on one side of the body and was used to collect blood samples. 
On the opposite side, a 20 G catheter was inserted into a fore-
arm vein, and after insulin shots were administered and the 
examination was finished, intravenous glucose was used. In a 
stable condition, 0.1 U of previously-diluted insulin (Humulin 
R; Eli Lilly, Indianapolis, IN, USA) was calculated per kg of 
body weight and injected into a forearm vein. On the opposite 
side, blood was sampled from the antecubital vein, at 0, 3, 6, 9, 
12, and 15 minutes. For the prevention of hypoglycemia, after 
15 minutes of blood sampling, 100 mL of 20% glucose was ad-
ministered intravenously, blood samples were immediately 
centrifuged and glucose concentrations were measured. The 
glucose concentrations measured over time during the assess-
ment of insulin resistance were entered into a computer pro-
gram. Each value was converted into a natural log, and the 
slope of the regression line was calculated using the values col-
lected between 3 and 15 minutes. Subsequently, the point at 
which baseline blood glucose decreased by half (half life [t1/2]) 
was obtained, and the insulin resistance blood glucose reduc-
tion rate indicator (rate constant for plasma glucose disap-
pearance, KITT) was calculated using the following formula: 
KITT=0.693/t1/2×100 (%/min)
Maximum strength (1RM) 
In order to measure maximum strength, a chest press was used 
for the upper body, which measured the muscle strength of 
the deltoids, triceps, and pectoral muscle groups. A leg press 
was used for the lower body and measured the muscle strength 
of the gluteal, hamstring and quadriceps muscle groups 
(Keiser, Fresno, CA, USA). First, in order to measure maxi-
mum strength, 50% of the expected maximum weight was lift-
ed 8 to 10 times for a light warm-up (1/2 of upper body weight 
and 1/2 of lower body weight). Afterward, patients performed 
gentle stretches for 3 minutes and rested for 1 minute. Partici-
pants performed one set of approximately 75% of the maxi-
mum weight that was expected to be lifted 3 to 5 times. After 1 
minute, patients attempted to lift an additional 1.25 to 4.5 kg 
to reach their maximum strength capacity. This was per-
formed until patients were unable to lift anymore, and the final 
weight lifted was recorded as the maximum strength. The 
maximum was typically determined within 3 to 5 attempts 
[10]. Grip strength was also examined (Hand grip, T.K.K.540; 
DAKEI, Tokyo, Japan).
DXA
Total body fat and muscle mass were measured using DXA 
(GE LUNAR, Madison, WI, USA). The body weights of patients 
were measured while wearing light clothing, and head to toe 
scans were performed when patients were lying down in a com-
fortable state on the examination bed. The examination took 
approximately 10 to 20 minutes. Body composition including 
body fat and muscle mass was measured separately for arm, leg, 
trunk, and total. Whole-body somatic volume was calculated 
using the enCORE program (version 11.x; GE LUNAR).
Computed tomography (CT)
CT of the abdominal region was used to measure total fat, vis-
ceral fat, and subcutaneous fat. The CT (Hispeed NX/I; GE, 
Milwaukee, WI, USA) method utilized was based on the 
method by Smith et al. [11], which was uniformly performed 
starting from the 4th to the 5th lumbar vertebra and extending 
to the naval area. The CT scan was performed in a 10 mm 
range, and the reorganized fat density results ranged between 
-190 to -30 Hounsfield units (HU). Using CT, cross-sectional 
abdominal fat volume was calculated. The distributions of the 
abdomen and the peritoneum were measured inside of the 
boundary area to determine visceral fat volume. Subcutaneous 
fat was calculated by subtracting the visceral fat volume from 
the total abdominal fat volume.
Statistical analysis
The statistical method for calculating the mean and standard 
deviation of the scores collected was performed using SPSS for 
Windows version 15.0 (SPSS Inc., Chicago, IL, USA). In addi-
tion, variables outside of the normal distribution were noted 
as median and interquartile range and were analyzed after log 
transformation. The Pearson’s correlation analysis was per-
formed on the relationships between circumferences and 
maximum strengths of the upper arms and thighs. The corre-
lation coefficient ‘r,’ was used to determine degrees of correla-




Clinical characteristics of participants 
A total of 110 female type 2 diabetes patients were enrolled in 377
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the present study. The average age was 56.2±7.3 years, and the 
average diabetes duration was 4.2±4.4 years. Average height, 
body weight, BMI, and waist circumference were 156.9±4.4 
cm, 67.0±6.9 kg, 27.2±2.7 kg/m
2, and 89.4±6.7 cm, respec-
tively. Average glycated hemoglobin, HDL-C, and LDL-C were 
7.1%±0.9%, 44.5±12.7 mg/dL, and 99.9±32.3 mg/dL, respec-
tively (Table 1). 
Correlations among abdominal fat mass, waist 
circumference, and insulin resistance
The average total abdominal fat was 393.8±87.1 cm
2, and vis-




  The abdominal total fat mass measured using CT had a 
strong positive correlation with waist circumference (r=0.728, 
P<0.001), and visceral fat and subcutaneous fat had statistically 
significant positive correlations with waist circumference (vis-
ceral fat, r=0.515, P<0.001; subcutaneous fat, r=0.608, P<
0.001). Additionally, visceral fat and waist circumference both 
showed a negative correlation with insulin resistance evaluat-
ed by KITT (visceral fat, r=-0.262, P=0.008; waist circumfer-
ence, r=-0.217, P=0.029). Neither abdominal total fat mass 
nor subcutaneous fat had a linear correlation with KITT result 
(abdominal total fat mass, r=-0.151, P=0.130; subcutaneous 
fat, r=-0.032, P=0.753) (Table 2).
The relationships of insulin resistance with muscle mass, 
extremity circumference and their ratios to waist 
circumference 
The total average muscle mass was 40,031.3±3,794.1 g, and 
the upper and lower body muscle masses were 4,054.0±536.9 
g, and 12,158.8±1,438.8 g, respectively. Additionally, the aver-
age upper arm and thigh circumferences were 32.5±2.5 cm, 
and 53.7±3.9 cm, respectively. 
  Insulin resistance expressed as KITT had a weak correlation 
with total muscle mass (r=0.160, P=0.031), but not with up-
per or lower extremity muscle mass (arm, r=0.067, P=0.501; 
leg, r=0.073, P=0.464). The upper arm and thigh circumfer-
ence had no linear relationship with upper and lower extremi-
ty muscle mass (upper arm, r=0.096, P=0.348; thigh, r=0.053, 
P=0.605, respectively). The thigh/waist circumference ratio 
showed a slight correlation with KITT value (r=0.227, P=0.025), 
but the upper arm/waist circumference ratio did not (r=0.127, 
P=0.212) (Table 3).
Table 1.  The clinical characteristics of the subject (n=110)
Characteristic Mean±SD Median Interquartile 
range
Age, yr 56.2±7.3 57.5 11.0
Duration diabetes, yr 4.2±4.4 3.0 5.0
Height, cm 156.9±4.4
Weight, kg 67.0±6.9 66.1 7.1
BMI, kg/m
2 27.2±2.7 26.7 3.5
Waist circumference, cm 89.4±6.7 89.0 9.0
Glucose  135.4±32.3 131.0 32.0
Insulin, μIU/mL 5.9±3.8 4.9 4.5
Fasting C-peptide, ng/mL 1.8±0.6 1.8 0.9
Total cholesterol, mg/dL 167.3±37.9
Triglyceride, mg/dL 143.9±92.4 125.0 73.0
HDL-C, mg/dL 44.5±12.7 44.0 13.0
LDL-C, mg/dL 99.9±32.3 94.0 45.0
HbA1c, % 7.1±0.9
Values are presented as mean±standard deviation (SD), median, or 
interquartile range. 
BMI, body mass index; HbA1c, hemoglobin A1c; HDL-C, high den-
sity lipoprotein cholesterol; LDL-C, low density lipoprotein choles-
terol.
Table 2.  Correlations between abdominal fat, waist circumference and insulin resistance
Abdominal fat Mean±SD Median Interquartile
range
Waist circumference KITT
r P value r P value
Total adipose tissue, cm
2 393.8±87.1 376.8 116.7 0.728 <0.001 -0.151 0.130
Visceral adipose tissue, cm
2 157.8±44.4 150.2 59.1 0.515 <0.001 -0.262 0.008
Subcutaneous adipose tissue, cm
2 234.9±66.7  230.5 80.7 0.608 <0.001 -0.032 0.753
KITT, %/min 2.3±1.0 - 0.217 0.029 - -
Values are presented as mean±standard deviation (SD), median, or interquartile range.
P values were determined by Pearson’s correlations analysis.378
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The relationships of insulin resistance with muscle mass 
with 1RM and extremity circumferences
Arm muscles accounted for 10.1% of total muscle mass and 
had a strong positive correlation with total muscle mass (r=
0.772, P<0.001). Leg muscles accounted for 30.4% of total 
muscle mass, which had a statistically strong positive correla-
tion with total muscle mass (r=0.926, P<0.001). The muscle 
to fat ratio in upper extremity was 1.7±0.4, that in the lower 
extremity was 2.1±0.8, and that in total body was 1.7±0.4. 
  Total muscle mass had a significant positive correlation with 
upper arm circumferences and weakly with thigh circumfer-
ences (r=0.368, P<0.001; r=0.226, P=0.037, respectively). The 
muscle mass in upper extremity showed a significant positive-
ly correlated with upper arm circumference, and the upper 
arm/waist circumference ratio (r=0.500, P<0.001; r=0.329, 
P=0.001, respectively). Additionally, there was a statistically 
significant positive correlation between 1RM of upper extrem-
ity and hand grip power (r=0.441, P<0.001; r=0.359, P<0.001). 
The muscle mass in lower extremity showed a significant posi-
tive correlation with thigh circumference and 1RM of lower 
extremity (r=0.291, P=0.002; r=0.383, P<0.001, respectively), 
but not with thigh/waist circumference ratio (r=0.048, P=
0.624) (Table 3).
  The ratios of muscle mass of upper and lower extremity to 
BMI in the present study were 45.5% and 63.6% of those in 
previous studies, respectively. When the total muscle mass and 
upper arm circumference reference values were investigated, 
the average muscle mass/BMI ratio in the previous study cor-
responding to the upper arm circumference in the present study 
was 32.4 cm, the corresponding upper arm/waist circumference 
ratio were 0.36, and arm muscle mass was 3,992.1 g (Fig. 1). 
Extremity circumferences and muscle strength 
The upper arm circumference and upper arm/waist circum-
ference ratio were significantly positive correlations with 1RM 
of upper extremity (r=0.255, P=0.009; r=0.359, P<0.001, re-
spectively). However, they did not have a linear correlation with 
the upper arm muscle mass/fat mass ratio (r=0.008, P=0.937).
  The thigh circumference and thigh/waist circumference ra-
tio was slightly positively correlated with lower body muscle 
mass (r=0.276, P=0.005; r=0.286, P=0.003, respectively). 
However, they did not have a linear correlation with the lower 
body muscle mass/fat mass ratio (r=0.037, P=0.702).
  Grip power had no linear correlation with any measurements 
including upper arm circumference, upper arm/waist circum-
ference ratio or upper body muscle mass/fat mass ratio (r=
Table 3.  Correlations between muscle mass, circumference, muscle strength and insulin resistance
Mean±SD
Muscle mass_total Muscle mass_arm Muscle mass_leg KITT
r P value r P value r P value r P value
Muscle mass
_total, g 40,031.3±3,794.1 - - - - - - 0.160 0.031
_arm, g 4,054.0±536.9  0.772 <0.001 - - - - 0.067 0.501
_leg, g 12,158.8±1,438.8  0.926 <0.001 - - - - 0.073 0.464
Circumference 
_arm, cm 32.5±2.5  0.368 <0.001 0.500 <0.001 - - 0.096 0.348
_thigh, cm 53.7±3.9  0.226 0.025 - - 0.291 0.002 0.053 0.605
Circumference ratio
_arm/waist  0.36±0.2 - - 0.329 0.001 - - 0.127 0.212
_thigh/waist  0.60±0.1 - - - - 0.048 0.624 0.227 0.025
1RM 
_upper, kg 19.6±4.7  - - 0.441 <0.001 - - - -
_lower, kg 93.8±24.4  - - - - 0.383 <0.001 - -
Grip, kg 22.6±4.4  - - 0.359 <0.001 - - - -
The values are presented as mean±standard deviation (SD). 
1RM, one repetition maximum.
P values were determined by Pearson’s correlations analysis.379
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0.138, P=0.170; r=0.156, P=0.122; r=0.123, P=0.213, respec-
tively) (Table 4).
  The 1RM of upper and lower extremity to body weight ratio 
from previous studies was 0.27. When compared with the re-
sults from the present study (1.40), 1RM of upper extremity 
had a 44.0% correspondence, and 1RM of lower extremity had 
a 50% correspondence. When the determined reference values 
of maximum strength and upper arm circumference were in-
vestigated, the average upper arm circumference to maximum 
upper body strength correlation was 32.3 cm, and the corre-
sponding upper body/waist circumference ratio was 0.36, and 
the upper body maximum strength was 19.0 kg (Fig. 2).
DISCUSSION
The anthropometric measurement for abdominal obesity was 
the waist circumference to define metabolic syndrome [12]. 
The waist circumference cutoff by the Korean Society for the 
Table 4.  Correlations between muscle strength, circumference and muscle mass
Mean±SD
1RM_upper 1RM_lower Grip
r P value r P value r P value
Circumference 
_arm, cm 32.5±2.5  0.255 0.009
a - - 0.138 0.170
_thigh, cm 53.7±3.9  - - 0.276 0.005
a - -
Circumference ratio
_arm/waist 0.36±0.2 0.359 <0.001
b - - 0.156 0.122
_thigh/waist 0.60±0.1 - - 0.286 0.003
b - -
Muscle/fat mass ratio 
_arm 1.65±0.4 0.008 0.937 - - 0.123 0.213
_thigh 2.13±0.8 - - 0.037 0.702 - -
Values are presented as mean±standard deviation (SD). 
1RM, one repetition maximum.
aP value <0.05, 
bP value <0.01 by Pearson’s correlations analysis.
Fig. 1.  Correlations between muscle mass, circumference and 
arm/waist circumference ratio.
Fig. 2.  Correlations between muscle strength, circumference 
and arm/waist circumference ratio. 1RM, one repetition maxi-
mum.
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Study of Obesity [13] was 85 cm, and 74.5% of the participants 
(82 patients) in the present study had abdominal obesity. In a 
study by Jung et al. [14] performed on a total of 84 female type 
2 diabetes patients with an average age of 63 years, the average 
BMI was 25.0 kg/m
2, and average visceral fat and subcutane-
ous fat levels were 136 cm
2 and 176 cm
2, respectively. The aver-
age visceral fat and subcutaneous fat levels in the present study 
were 157.8 cm
2 and 234.9 cm
2, respectively. Visceral fat levels 
were similar between the studies, while the subcutaneous fat 
level in the present study was higher. Additionally, in a previ-
ous study performed by Kwon et al. [15] on corresponding fe-
males in their 50s, the average 1RM of the upper and lower ex-
tremity were 17.8 kg and 89.8 kg, respectively, and their ratios 
to the body weight were 0.29 and 1.40, respectively. The aver-
age upper body and lower body maximum strengths from the 
present study were 19.6 kg and 93.8 kg, respectively, and the 
strength to weight ratios were 0.29 and 1.40, respectively. Sim-
ilar lower body results were observed in other previous stud-
ies, and grip strength in the present study was 22.6 kg, compa-
rable to that in a study performed by An et al. [16] on female 
type 2 diabetes patients in their 50s who had an average hand 
grip strength of 23.1 kg. 
  Even when BMI is normal, if the waist circumference is high, 
patients are at a high risk for diabetes or cardiovascular disease 
[17]. Kim et al. [18] performed a study on 2,033 type 2 diabet-
ic patients, in which an average age was 58.7 years. The average 
BMI was 25.4 kg/m
2, and waist circumference was 88.2 cm. 
The present study was performed on obese patients with a 
higher BMI and waist circumference. The abdominal visceral 
adiposity has been reported to cause stronger insulin resis-
tance than does subcutaneous fat [19,20]. Miyazaki et al. [21] 
reported a correlation between an increase in visceral fat and 
insulin resistance in a study performed on 62 type 2 diabetes 
patients between 30 and 70 years of age with a high BMI of at 
least 37 kg/m
2. In the present study, the correlation between 
visceral fat and insulin resistance was higher, and waist cir-
cumference was shown to have a strong association with ab-
dominal fat. In addition, waist circumference might be con-
sidered to be an indicator of insulin resistance. 
  The skeletal muscles are also the tissues that related with in-
sulin resistance in type 2 diabetes patients and the accumula-
tion site of metabolites from fatty acids. Muscle mass accounts 
for 35% to 40% of total body weight, and that is primary site 
for oxidation of glucose and fatty acids [22]. In a study per-
formed by Dunstan et al. [4] on type 2 diabetes patients, the 
authors reported that as muscle mass increases, insulin resis-
tance improves. In the present study, the insulin resistance ex-
pressed as KITT, and total muscle mass had a significant corre-
lation and these findings are consistent with the results from 
previous studies. There was no correlation reported between 
extremity circumferences and extremity muscle mass, which 
was consistent with the knowledge that insulin resistance can-
not be predicted with body circumference. However, there were 
significant correlations between change in fat mass/muscle 
mass ratio, upper arm/waist ratio and thigh/waist ratio with 
insulin resistance and between thigh/waist circumference ra-
tio and improvements in insulin resistance. 
  Kim et al. [23] reported a significant correlation between 
the low density muscle mass of the femoral quadriceps muscle 
and insulin resistance in obese subjects, which was consistent 
with reports from a similar study. The authors of the present 
study recommend additional research on insulin resistance 
and femoral quadriceps muscle increase in Korean diabetes 
patients.
  Changes in muscle mass and size are generally evaluated us-
ing BMI and body circumference measurements [24]. In a 
previous study, Kwon et al. [25] reported that, as the BMIs in 
the male and female participants increased, the muscle mass 
also increased, but also reported that muscle mass did not in-
crease in female diabetes patients with a BMI greater than 25 
kg/m
2. In a study on muscle mass analysis by Kim [26] on 
healthy 20 to 73-year-old subjects (total 212 participants), fe-
male participants between 40 and 59 years of age with a mean 
BMI of 24.4 kg/m
2 had an average upper arm muscle mass of 
3,689.2 g and an average lower extremity muscle mass of 
12,055.6 g. In a study performed by Chung et al. [27] on pre-
menopausal and menopausal women (394 participants), the 
mean age of menopausal women was 56.9 years, the mean 
BMI was 23.0 kg/m
2, and the upper arm and lower body mus-
cle masses were 3,800.0 g and 11,600.0 g, respectively. In the 
present study, diabetic, menopausal female patients between 
40 and 60 years of age with a BMI of 27.2 kg/m
2 represented 
81.9% of the total participants. The mean upper arm and lower 
body muscle masses were 4,054.0 g and 12,158.8 g, respective-
ly. When the muscle mass/BMI ratio was examined, the upper 
body muscle mass was 2.9% to 9.7% lower than those in nor-
mal and menopausal women in the same age group, and the 
lower body muscle mass was 5.6% to 11.3% lower. Compared 
to the muscle mass/BMI ratio of the upper body and lower 
body results from previous studies, 45.5% (50 participants) of 381
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the upper body results from the present study and 63.6% (70 
participants) of the lower body results did not meet the stan-
dards. When the mass of the upper arm muscle has high cor-
relation with upper arm circumference, the corresponding 
standard upper arm circumference result from previous stud-
ies was 32.4 cm, and the upper arm/waist circumference ratio 
was 0.36. Therefore, the upper arm circumference in obese type 
2 diabetic female patients was evaluated, and measurements 
less than 32.4 cm were assumed to be due to a lack of muscle 
mass. Such patients should receive education regarding com-
bined strength exercises. 
  When resistance exercises are performed, the exercise inten-
sity is based on the 1RM [28]. The current upper arm strength 
measurement is often measured according to strength [29-31]. 
However, among the numerous strength tests, Mathiowetz et 
al. [32] measured grip strength to represent hand strength and 
reported the test was necessary to assess the patient’s ability to 
work. In the present study, a correlation between grip and up-
per arm strength was observed, but there was no correlation 
between grip and upper arm circumference. Thus, the authors 
of the present study believe there are limits to accurately mea-
suring overall muscle strength of the upper arm through grip. 
Kim et al. [33] performed a study in which the maximum 
strength of male students in their 20s who had no prior strength 
exercise experience was estimated through upper arm and thigh 
circumferences. The bench press, which utilizes the pectoral 
and the triceps agonist muscle groups, has significant correla-
tions with upper arm and forearm circumferences, and squat 
repetitions have been reported to be correlated with hip cir-
cumference. The measured chest press and leg press from the 
present study utilize the same agonist muscles involved in the 
bench press and squats. A correlation between upper arm cir-
cumference and thigh circumference was observed, and the 
results from the present study are consistent with existing 
studies. In addition, there was a correlation between maxi-
mum upper body strength and upper arm/waist circumfer-
ence ratio and between maximum lower body strength and 
thigh/waist circumference ratio. Individuals with similar waist 
circumferences and larger upper arm and thigh circumferenc-
es tend to have higher maximum strengths. In the study by 
Kwon et al. [15] on female type 2 diabetes patients in their 50s, 
the mean maximum upper and lower body strengths were 
17.8 kg and 89.8 kg, respectively, and the strength to weight 
ratios were 0.27 and 1.40, respectively. Using other studies as a 
standard for 1RM in upper and lower extremity, when com-
pared with the present study, 44.0% (49 patients) and 50% (55 
patients), respectively did not meet the criteria from previous 
studies. Assumed that the upper arm/waist circumference ra-
tio related to 1RM of upper extremity was examined, the stan-
dard corresponding upper arm circumference from previous 
studies was 32.3 cm, and the upper arm/waist circumference 
ratio was 0.36. In other words, an upper arm circumference of 
32.3 cm and an upper arm/waist circumference ratio less than 
0.36 in female type 2 diabetes patients might be cutoff value of 
a lack in skeletal muscle mass, although 110 participants was 
not sufficient to determine it. 
  The primary goal of the present study was to determine and 
compare the relationship between muscle strength and muscle 
mass. For person with decreased maximum muscle strength,   
resistance exercise would be combined with aerobic exercise 
in order to increase muscle mass and muscle strength.
  Therefore, in order to understand the anthropometric pa-
rameter, comparison of additional anthropometric measure-
ments and prediction of muscle and adiposity on diabetes pa-
tients are required. Further research for resistance exercise 
methods in patients with lower extremity circumferences will 
be needed to increase muscle mass and strength. 
CONFLICTS OF INTEREST
No potential conflict of interest relevant to this article was re-
ported.
REFERENCES
1. McKeigue PM, Marmot MG, Adelstein AM, Hunt SP, Shipley 
MJ, Butler SM, Riemersma RA, Turner PR. Diet and risk fac-
tors for coronary heart disease in Asians in northwest London. 
Lancet 1985;2:1086-90. 
2. Molarius A, Seidell JC. Selection of anthropometric indicators 
for classification of abdominal fatness: a critical review. Int J 
Obes Relat Metab Disord 1998;22:719-27. 
3. Cheng YJ, Gregg EW, De Rekeneire N, Williams DE, Impera-
tore G, Caspersen CJ, Kahn HS. Muscle-strengthening activity 
and its association with insulin sensitivity. Diabetes Care 2007; 
30:2264-70. 
4. Dunstan DW, Daly RM, Owen N, Jolley D, De Courten M, 
Shaw J, Zimmet P. High-intensity resistance training improves 
glycemic control in older patients with type 2 diabetes. Diabe-
tes Care 2002;25:1729-36. 382
Kwon HR, et al.
Diabetes Metab J 2011;35:374-383 http://e-dmj.org
5. Epidemiologic and methodologic problems in determining 
nutritional status of older persons. Proceedings of a confer-
ence. Albuquerque, New Mexico, October 19-21, 1988. Am J 
Clin Nutr 1989;50(5 Suppl):1121-235. 
6. Sigal RJ, Kenny GP, Wasserman DH, Castaneda-Sceppa C. 
Physical activity/exercise and type 2 diabetes. Diabetes Care 
2004;27:2518-39.
7. Cha BS, Won YJ, Lee JH, Nam SY, Song YD, Lee EJ, Lim SK, 
Kim KR, Lee HC, Huh KB, Shin MJ, Lee JH. The correlation 
between insulin resistance and the visceral fat vs. skeletal mus-
cle ratio in middle-aged women. J Korean Diabetes Assoc 1996; 
20:395-409.
8. American College of Sports Medicine. ACSM’s Guidelines for 
exercise testing and prescription. 7th ed. Philadelphia: Lippin-
cott Williams & Wilkins; 2006. p58-60.
9. Bonora E, Moghetti P, Zancanaro C, Cigolini M, Querena M, 
Cacciatori V, Corgnati A, Muggeo M. Estimates of in vivo in-
sulin action in man: comparison of insulin tolerance tests with 
euglycemic and hyperglycemic glucose clamp studies. J Clin 
Endocrinol Metab 1989;68:374-8. 
10. Baechle TR, Earle RW. Essentials of strength training and con-
ditioning. 2nd ed. Champaign: Human Kinetics; 2000.
11. Smith SR, Lovejoy JC, Greenway F, Ryan D, deJonge L, de la 
Bretonne J, Volafova J, Bray GA. Contributions of total body 
fat, abdominal subcutaneous adipose tissue compartments, 
and visceral adipose tissue to the metabolic complications of 
obesity. Metabolism 2001;50:425-35. 
12. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, 
Donato KA, Fruchart JC, James WP, Loria CM, Smith SC Jr; 
International Diabetes Federation Task Force on Epidemiolo-
gy and Prevention; Hational Heart, Lung, and Blood Institute; 
American Heart Association; World Heart Federation; Inter-
national Atherosclerosis Society; International Association for 
the Study of Obesity. Harmonizing the metabolic syndrome: a 
joint interim statement of the International Diabetes Federa-
tion Task Force on Epidemiology and Prevention; National 
Heart, Lung, and Blood Institute; American Heart Association; 
World Heart Federation; International Atherosclerosis Society; 
and International Association for the Study of Obesity. Circu-
lation 2009;120:1640-5. 
13. Lee S, Park HS, Kim SM, Kwon HS, Kim DY, Kim DJ, Cho GJ, 
Han JH, Kim SR, Park CY, Oh SJ, Lee CB, Kim KS, Oh SW, 
Kim YS, Choi WH, Yoo HJ. Cut-off points of waist circumfer-
ence for defining abdominal obesity in the Korean population. 
Korean J Obes 2006;15:1-9. 
14. Jung ED, Chung DS, Lee JY. The correlation between visceral 
fat distance measured by ultrasonography and visceral fat 
amount by computed tomography in type 2 diabetes. Korean 
Diabetes J 2008;32:418-27. 
15. Kwon HR, Ku YH, Ahn HJ, Jeong JY, Ryu SR, Koo BK, Han KA, 
Min KW. Maximal muscle strength deteriorates with age in 
subjects with type 2 diabetes mellitus. Korean Diabetes J 2009; 
33:412-20. 
16. An KH. Effect of low intensity circuit-type resistance training 
on glycemic control, insulin resistance and lipid profile in type 
2 diabetics. Korea Sport Res 2005;16:113-22.
17. Zhu S, Wang Z, Heshka S, Heo M, Faith MS, Heymsfield SB. 
Waist circumference and obesity-associated risk factors among 
whites in the third National Health and Nutrition Examination 
Survey: clinical action thresholds. Am J Clin Nutr 2002;76: 
743-9. 
18. Kim TH, Kim DJ, Lim S, Jeong IK, Son HS, Chung CH, Koh G, 
Lee DH, Won KC, Park JH, Park TS, Ahn J, Kim J, Park KG, 
Ko SH, Ahn YB, Lee I. Prevalence of the metabolic syndrome 
in type 2 diabetic patients. Korean Diabetes J 2009;33:40-7. 
19. Pouliot MC, Despres JP, Nadeau A, Tremblay A, Moorjani S, 
Lupien PJ, Theriault G, Bouchard C. Associations between re-
gional body fat distribution, fasting plasma free fatty acid lev-
els and glucose tolerance in premenopausal women. Int J Obes 
1990;14:293-302. 
20. Randle PJ, Garland PB, Newsholme EA, Hales CN. The glu-
cose fatty acid cycle in obesity and maturity onset diabetes 
mellitus. Ann N Y Acad Sci 1965;131:324-33. 
21. Miyazaki Y, Glass L, Triplitt C, Wajcberg E, Mandarino LJ, De-
Fronzo RA. Abdominal fat distribution and peripheral and 
hepatic insulin resistance in type 2 diabetes mellitus. Am J 
Physiol Endocrinol Metab 2002;283:E1135-43.
22. Baron AD, Brechtel G. Insulin differentially regulates systemic 
and skeletal muscle vascular resistance. Am J Physiol 1993; 
265(1 Pt 1):E61-7. 
23. Kim D, Nam S, Ahn C, Kim K, Yoon S, Kim J, Cha B, Lim S, 
Kim K, Lee H, Huh K. Correlation between midthigh low-den-
sity muscle and insulin resistance in obese nondiabetic patients 
in Korea. Diabetes Care 2003;26:1825-30. 
24. Heymsfield SB, McManus C, Smith J, Stevens V, Nixon DW. 
Anthropometric measurement of muscle mass: revised equa-
tions for calculating bone-free arm muscle area. Am J Clin 
Nutr 1982;36:680-90. 
25. Kwon HR, Han KA, Ku YH, Ahn HJ, Koo BK, Min KW. Rela-
tionship of maximal muscle strength with body mass index 383
Circumferences of extremities, muscle mass, muscle strength, diabetes
Diabetes Metab J 2011;35:374-383 http://e-dmj.org
and aerobics capacity in type 2 diabetic patients. Korean Dia-
betes J 2009;33:511-7. 
26. Kim MK. The change of muscle mass and distribution by dual 
energy X-ray absorptiometry according to age and gender in 
Korean adults. J Sport Leis Stud 2004;22:357-68.
27. Chung JE, Hwang SJ, Kim MJ, Song JY, Cho HH, Kwon DJ, 
Lew YO, Lim YT, Kim EJ, Kim JH, Kim JH, Kim MR. Rela-
tionship between body composition and bone mineral density 
in pre- and post-menopausal women. J Korean Soc Menopause 
2010;16:29-38. 
28. Shin HK, Lee SH, Tae KS. The correlation between 1RM and 
MVC for estimating strength. Korea Sport Res 2003;14:409-14.
29. An KH, Min KW, Han KA. The effects of aerobic training ver-
sus resistance training in non-obese type 2 diabetics. J Korean 
Diabetes Assoc 2005;29:486-94. 
30. Han JY, Lee MG, Sung SC. Effects of combined training of rope 
skipping and walking on body composition, physical fitness, 
blood lipids, and insulin resistance in middle-aged women. 
Korean J Sport Sci 2009;20:199-211.
31. Ahn N, Kim K. Comparisons of 12 week combined exercise 
intervention-mediated changes of body composition, physical 
fitness, and metabolic syndrome risk factors according to IGF-
I gene polymorphism in obese adolescent boys. Korean J Obes 
2009;18:102-15. 
32. Mathiowetz V, Kashman N, Volland G, Weber K, Dowe M, 
Rogers S. Grip and pinch strength: normative data for adults. 
Arch Phys Med Rehabil 1985;66:69-74.
33. Kim KB, Hong KD, Lee DC, Lee SW, Jun TW. Estimation of 
one repetition maximum by anthropometric measurements in 
weight training beginners. Exerc Sci 2005;14:495-504.